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1 
My invention relates fo electric discharge ap- 
paratus and if has particuiar relation fo appa- 
ratus ïor tiïning a succession oï events, each of 
which is fo persist fqr a predeterïnined tiïne 
interval. 
This application is a division of my applica- 
tion Serial No. 102,508, entitled Electronic 
quence Tiïner, flled July 1, 1949, and assigned 
fo the assignee of thesubject application. 
My invention has particular application fo re- 
sistance welding. A resistance welding opera- 
tion is initiated by the closing of a start switch. 
After the switch is closed the electrodes are en- 
gaged with the work under pressure. This event 
takes place during a tiïne interval of proper 
length called the "squeeze" interval. Following 
the "squeeze" tnterval, the flow of welding cur- 
rent takes place during an interval which is called 
the "weld" interval. When the flow of welding 
current is interrupted, the weldin2" electrodes are 
ïnaintained in engageïnent with the ïnaterial 
during a so-called "hold" interval until the weld 
hardens. The electrodes are then disengaged 
froïn the ïnaterial and ïnaintained in dtsengage- 
ïnent during a so-called "off" interval so that the 
ïnaterial ïnaF be reset for a second operation. 
If the welder is set for 'ïepeat" operation and 
the start switch is ïnaintained closed, the above- 
descrtbed sequence of events is repeated a 
nuïnber of tiïnes and a series of welds are pro- 
duced. If the welder is set for "non-repeat" 
eration, the start switch ïnust be reopened and 
reclosed after the coïnpletion of each "hold" 
interval. 
Each of the events of a weiding or siïnilar 
eration ïnust occur proïnptlF and preciselF in 
turn and ifs duration ïnust be ïnaintained within 
narrow liïnits. If, for example, the "weld" in 
terwl is initiated belote the "squeeze" inter- 
val is coïnpleted, the ïnaterial fo be welded 
burned bF the preïnature discharge between the 
electrodes. If the "weld'" interval is too long, 
the ïnaterial ïnaF be burned; if if is too short, 
a secure joint ïnaF not be effected. If the "hold" 
interval is terïninated preïnaturelF, the welding 
electrodes in opening draw the sort welded but« 
tons with theïn and punch a hole in the ïnate- 
rial. If the "off" interval is terrntnated preïna- 
turely or too lte, the welds ïnay be too closely 
or too reïnotely spaced. The failure of a rimer 
during one of a series of operations ïnay bave 
serious consequences. 
Sequence tiïners constructed in accordance 
with the teachings of the prior art in wide use, 
include a plurality of electric discharge circuits 
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for tiïning the various events and a plurality of 
electroïnagnettc relays actuable by the flow of 
current through the discharge circuits for pro: 
ducing the desired succession in the actuation of 
5 these circuits. These relays are actuated by the 
current flow through thyratrons. For econoïny 
reasons the thyratrons are of low current carry- 
ing capacity and the sequence retays are rela- 
tively light. The operation of each electroïnag- 
10 netic relay consuïnes an appreciab!e tiïne inter- 
val. These intervals for the different relays are 
interposed between each event and the succeed- 
ing event, and the speed of operation of a weld- 
ing systeïn is liïnited by if. A welder is essen- 
l tially a ïnachine tool designed for carrying ou 
ïnany operations. The relays in the prior art 
quence tiïner are operated ïnany tiïnes and are 
subjected fo unusual wear and tear. Since they 
are of light construction, the relays soon wegr 
ri0 out. In fact, the lire of an electroïnagnetic 
quence tiïner is fo a large extent liïnited by the 
lire of the electromagnetic re!ay availab!e for 
sequence tiïner service. 
It is accordingly an object of ïny invention fo 
2. provide a tiïner devoid of sequencing electroïnag- 
netic relays for tiïning precisely the duration and 
the sequence of a plurality of events. 
A ïnore speciflc object of ïny invention is to 
provide a sequence tiïner devoid of sequencing 
30 electroïnagnetic relays for a welder. 
Another speciflc object of my invention is fo 
provide a purely electronic sequence tiïner. 
A further object of ïny invention is to provide 
a welding systeïn tncluding a purely electronic 
35 welding contactor cooperatively associated with 
a purely electronic sequence tiïner. 
Another object of ïny invention is fo provide a 
pure!y electronic sequence tiïner for a welder, 
which is siïnple in design and operation. 
40 An ancillary object of ïny invention is fo pro- 
vide novel electric discharge device circuits, par- 
ticularly adapted to contribute fo reliable se- 
quence tiïning by purely electronic ïneans. 
My invention is based on the broad concept 
45 of initiating each of the various functtons 
("squeeze," "weld," "hold" and "off") by ren- 
dering conductive in the proper sequence, an 
initially non-conducttve electric discharge valve 
(or rendering non-conductive in the saïne 
50 quence an initially conductive valve). To 
complish this broad objective I provide a sys- 
teïn including a single valve for each of the 
functions. n the control circuit of each valve 
a tiïne constant network including a tiïning en- 
 ergy sorage device is provided. To simplify the 



structure and operation of the system, all stor- 
age devices are charged simultaneously from a 
common source and aH begin to discharge simul- 
taneously ai the beginnin of a comp!ete timing 
sequence opeïation. These vatves are inter- 
connected by means devoid of eiectromagnetic 
sequencing rela.ys. 
The novel features that ! consider charac« 
teristic of my invention are set forth with par- 
ticularity in the appended claires. The inven- 
tion itse!f, however, both as to its organiza « 
tion and method of operation, together with ad- 
ditional objects and advantages thereof, wilI 
best be understood from the following descrip- 
tion of a specific embodiment when read in con- 
nection with the attached drawing, which is s. 
schematic diagram showing a preferred emboSi 
ment of my invention. 
The apparatus shown in tbe drawig como 
prises a welding transfomner I across the see 
ondarY 3 of which welding elctrodes  and  
are connected. One of these eletrodes  maY be 
moved into and out of engagement with the woïk 
 by operation of a hydraulic system Il. Pcwer 
s supplied fo the primary I of the transformeï 
I from buses I, which may be the buses of a 
commercial supp]y of 200 to 2300 nominal vo!t- 
ae rating, through a pair of ignitrcns I and 
I reversely connected in parallel between che 
of the buses I and the primary i3. Firing cir- 
cuits l and ,3 respectively are provided for the 
ignitrons. These circuits are norïnally open but 
may-be closed by the operation of a contactor 
The opération of the we!din electrodes . and 
 .and the supply of we]ding current is controil£d 
from a equence rimer . devoid of .sequencin 
et_ecromagnetic relays. This tfiner determines 
--the duration and.the order.of occurrence of the 
"_squeeze/' "weld," "ho!d" and "off" .interva!s. 
It includes electric discharge devices $, 3, 3. 
$, 3L 3.3 for "initiate," "control," %queeze," 
'weld," "ho]d," and "off" functions, respective]y. 
These e]ectric discharge devices are supplied 
from auxiliary buses l, 43 which are energized 
from the secondary  of a transformer 43 vhich 
isin turn energized from _the main buses I . The 
electric discharge devices may be of any suit- 
able type, .for example VOEL2050, having an anode, 
a cathode and a control element but are pref- 
erably thyratrons. 
The electric discharge device 31 which I shall 
call the control tube, has its cathode l connected 
through a charging resistor , to the first auxil- 
iary bus 4;, and ifs anode 4 conncted in series 
with the secondary windhg  of a first trans- 
former $, to the first auxiliary bus l. The 
primary winding  of the first transformer 5 
is connected across the auxi!iary buses l, 4. 
Grid bias for the control tube 31 is obtained 
through various combinations of three circuits. 
The first ch'cuit may be traced from the grid 
 of the control tube through a paralleled re- 
sistor l and capacitor $3 which is in series with 
paralleled resistor 6 and momentary contact 
typ.e .switch ]', to the cathode  l. The second 
circuit may be traced from the cathode side of 
the switch $7 through a battery 9, positive to 
negative, through a resistor l which is shunted 
by the momentary contact type foot switch , 
through the paral!el ccmbination of a resistor 
 and capacitor  which is shunted by a switch 
9 when the apparatus is on non-repeat opera- 
tion, to the grid side of the switch L The third 
circuit may be traced from the grid side of the 
switch $, through a dry rectifier !, one of the 
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secondary windings  of a three winding tran- 
îormm" , and the secondary winding  of 
second transfoïmer 8 fo the grid. In the 
frred practice of tuf invention, I ue rime con- 
 tant networks which comprise a capacitor nd 
a resistor ccnncted n parallel because of the 
simplicity and ready avai]ability of their com- 
ponent. SFstems, including rime constant net 
work composed of inductors and resisors or of 
0 combinations of inductors, apacitors and 
sistors, are within the sçope of tuf invention. 
çhe tim£ c.ontant networks of the 
"wel," "hold" 3.nd "off" tube, each include 
contrcl or "truç tim" çotentometr, which 
1 shall desinat A, , C and D, respectivehu 
ach suceeding.network of the timing sequence 
a.lso includes dulicates of all the potentiometers 
of the precedin network, connected in series 
with ifs "true rime" potentiorneter. Thus, the 
20 "squeeze" network contains potentiometer A, 
"weld" network includes potentiometers A and 
B, the "hold" network includes potentiometer, 
A, B and C, and the "off" network includ¢s 
potentiometers A, B, C and D. The rime con- 
25 sant network of a particular sequence compriscs 
its potentiometers in parallel with a capacitor 
91, 9, 9[, ï, respectively. e "squeeze," 
"weld," "hold" and "off" rime constant networks 
are connected in the grid, cathode circuits of 
30 their respective $ubes, and in parallel across a 
char¢ina resistor . This chargin resistor is 
connected in he anode circuit of the controt tube 
21, between its cathode $1 and the first auxiliary 
bus I. e function of the charging resistor 
35 [ is to cbarCe the rime const3.ut network ¢apci- 
to:«s in para.ll¢l by rid rectification in a sens 
prevent conduction ofthe asscciated $ubes. 
chargin2 resistor  i_energized by conduction of 
the control tube . V/hen the "controt" $ube 
40 becomes non-conductive, !,m sjl of the parallel 
networks bein timius out imultaneously. 
Duplicate potentiomoters in the parallel rime 
constant networ] are gana.:], . a resuIt ç,f 
this go.n¢ig, the "true rime" potentiometer 
d5 be v_ried to chan[e the actual rime interval of 
a païticular sequence without effectin¢ the actus.! 
or "true-$ime" interva! of any other sequence. 
The cathode  of the initiating tube 9 is co». 
nected-to the second auxiliary bus . e anode 
50 , is conneced through the energizing coi! 
of the welder head relay 9  to the first auxili.ry 
bus 43. e weln¢ head relay 9 when ener- 
gized, closes the enerizing circuit of a so!enoJd 
valve 0 which is connected across the main 
55 supply buses 5. is solenoid valve  contro!s 
thehydraulic circuit  to lower She weldin 
head 5. 
e prary winding 05 of the three windi]¢ 
$ransformer $9 is connected across the chargin 
0 resistor . The other secondary windin¢ 
of the three winding transformer 8 is connected 
from the Crid 53 of the "iniiate" tube 9 to the 
anode 5 of the "hold" tube  and also throuh 
the para!lel resistor 9 and capacitor l 
63 $he second auxiliary bus 3. The anode 9 of thc 
"off" tube $9 is connected throuCh primary wind- 
in  of the second transformer 8 to the sez- 
ond auxi!iary bus 3. The anode 9 of the "weld" 
tube 3 is connected throuh $he coit   of the 
70 initron firing control re!aF  9 to the anode 
of the "squeeze" tube . 
Preparatory to startg the weldin¢ operation, 
the main power supp]y buses $ are energized, 
which energizes the auxiliary buses ,  
75 apply anode voltage fo ai1 of the etectric d- 



charge devices in the sequence rimer circuit =1. 
Assuming that the repeat, non-repeat switch 1 
is closed for repeat operation, the bias ïurnished 
by the battery $ across the resistor 11 which 
in parallel with the foot switch 13 in the grid 
circuit of the "control" tube 31 is 30 volts nega- 
tire, which wfl.l prevent the "control" tube  
from conducting. The switch 61 is then operated 
fo momentarfly shunt ik associated resistoï 65 
and the 30 volts negative blas contributed by the 
battery 69, whereupon the "contro]" tube 31 con- 
ducts. Current flowing the anode circuits of the 
«control" tube 31 energizes the primary winding 
155 of the three winding transformer 83, and the 
charging resistor 54. Current supplied by the 
secondary winding 65 of the three winding trans 
former 63 in the grid circuit of the "control" 
tube 31 is rectifled so that a bias of 40 volts posi- 
tive ls supplied to the grid 53 of that tube. The 
resultant grid bias on the "control" tube 31 is 10 
volts positive when the contacts of the switch 61 
sxe opened fo return 30 volts negative bias. Thus 
the "contro]" tube 3 I, upon conducting, locks it 
self in the conducting state. 
The other secondary winding H}1 of the three 
winding transformer $3 produces a voltage in 
the grid circuit of the "initiate" tube  which is 
phased tobe negative when the anode voltage of 
the "initiate" tube is positive. As a result, the 
capacitor 1 in the grid circuit of that tube is 
charged by grid rectification to produce a nega 
rive bias which prevents conduction. 
The voltage across the charging resistor 4, 
by grid rectification of the "squeeze," "weld," 
"hold" and "off" tubes, charges the capacitors in 
the rime constant networks associated with those 
tubes, creating negative bias to prevent conduc- 
tion. 
The operation of the welding sequence is start- 
ed by closing the foot switch 13, shunting its aso 
sociated resistance 11 to increase the negative 
bias supplied by the battery 69 to 50 volts. The 
resu!tant grid bias on the "control" tube 31 is 
now negative, so conduction of that tube ceases. 
The "control" tube is now locked out, so that the 
sequence rimer is nonbeat. There being no volt- 
age on the charging resistor 54, the capacitors $1, 
93, 5, 91 in the rime constant networks of the 
"squeeze," "weld," "hold" and "off" tubes begin 
to discharge, and thus sirnultaneously start their 
tlming out unction. 
The charging voltage supplied to the grid cir- 
cuit capacitor 111 of the "initiate" tube 29 by the 
three wlnding transformer 3 having been re- 
moved, that capacitor begins to discharge through 
its associated resistor 109. When the negative 
bias on the grid of the "initiate" tube 29 has di- 
minished to a critical magnitude, that tube con- 
ducts. Conduction of the "initiate" tube 2 en- 
ergizes the welding head relay I1 which closes 
to energize the solenoid valve 13 to admit hy- 
draulic pressure on the welding head 5, which 
moves down to clamp the workpiece 9. 
When the "squeeze" tirne bas expired, the 
"sclueeze" tube 33 conducts to energize theignitron 
flring circuit relay 119, and the ignitrons tire 
19 in a manner well known to those skflled in the 
art, to supply weldin current to the load. 
At the end of the "weld" rime, the "weld" tube 
3 conducts, shunting the ignitron firing .circuit 
relay II$ so that if drops out, and the ignitrons 
11, I  cease firing. 
The "hold" tube 3 conducts upon expiration of 
the "hold" time, creating a voltage across the re- 
sistor I in the grid circuit of the "initiate" tube 

6 
=9. This voltage negativeIy charges the capacitor 
I I I which is associated with the said resistor 159 
by grid rectification. The negative bias on the 
grid of the "initiate" tube =9 terminates ifs con- 
5 duction so that the welding relay I f}1 is deener- 
gized to raise the welding head 5. 
Upon expiration oï the "off" rime, the "off" 
tube 39 conduct fo energize the primary 13 oï 
the transïormer 61 in ifs anode circuit. The 
10 secondary 69 of this transformer contributes suf- 
ficient voltage to charge the grid circuit capaci- 
for 63 of the "control" tube 3 to 60 volts positive 
in approximately one cycle. The resnltant grid 
bias on the "control" tube is now 10 volts positive, 
15 sothe "control" tube again conducts, and in ap- 
proximately one cycle, the rime constant network 
capacitors regain their negative charges to stop 
t.heir associated tubes from conducting. 
The transformer 61 in the anode circuit of the 
2O "off" rime tube 31 is deenergized when that tube 
ceases fo conduct. The 60 volts positive bias con- 
tributed by that transformer in the grid circuit 
of the "control" tube 3  is removed, so that nega- 
tire bias contributed by the battery 9 again con- 
 trols, and the tube 31 ceases to conduct. Cessa- 
tion of conduction of the "control" tube removes 
the voltage on the charging resistor 54, and the 
entire welding sequence repeats in the same man- 
ner as bas been previously described, for as long 
3o as the foot switch 13 is closed. 
If the foot switch 13 is open at the end of the 
"off" rime, then the negative bias contributed by 
the battery 69 is only 30 volts, making the result- 
ant bias zero volts. With a bias of zero volts, the 
5 "control" tube 31 continues to conduct and the 
sequence is not repeated. 
For non-repeat operation, the repeat, non-re- 
peat switch 15 is open. In this condition, the bat- 
tery contributes 20 volts negative bias. Then 
i) at the end of the "off" rime, if the foot switch 
ï3 is open, there is only 20 volts negative bias 
opposed to the 40 bolts positive bias contributed 
by the transformer winding 105 in the anode 
circuit of the control tube. The resultant bias 
is positive sothe "control" tube 31 continues to 
conduct and the sequence does not repeat. When 
the foot switch 13 is closed, there is a transient 
negative bias of 50 volts in the battery circuit. 
This bias is sufficient to render the "controF' 
50 tube 31 non-conductive, so that a welding se- 
quence follows. If the foot switch 13 is closed 
when the "off" rime expires, the battery circuit 
contributes 30 volts negative bias, which is not 
sufficient fo cause the «control" tube 31 to cease 
55 conductin, so the sequence does not repeat. 
Although I have shown and described certain 
specific embodiments of my invention, I am fully 
aware that many modifications thereof are pos- 
sible. My invention therefore is not to be re- 
A0 stricted except insofar as is necessitated by the 
prior art and by the spirit of the appm3ded 
claires. 
I claim as my invention: 
1. In combination, an electric discharge device 
65 havfl]g ai least an anode, a cathode, and a con 
trol element, biasing means for maintaining said 
discharge device normally non-conducting, 
means, cooperative with said biasing means, for 
rendering said device conductive and means re- 
70 sponsive  the anode ctu'rent thïough said de- 
vice and operable in the control element circuit 
of said device for maintaining said discharge de- 
vice conductive after said rendering means be- 
cornes ineffective. 
75 2. The combination comprising an electric dis- 



charge device having an anode, a cathode and 
at least che control element, biasing means for 
maintaining said discharge device normally non- 
conductive, means cooperative vith said biasing 
means îor rendering said device conductive and 
nîeans including a transformer responsive te the 
anode entrent of said discharge device foL" main- 
ta.ining said discharge device conductive when 
said rendering means becomes ineffective. 
3. The combLnation conqprising an electric dis- 
charge device havinz an anode, a cathode, and 
a control element; a transformer having a pri- 
mary winding snd a secondary winding, the pri- 
mary wii»ding of said transfoïraer being con 
nected in the anode circuit of said discharge de- 
vice; biasing mea.ns foi" maintaining said dis- 
charge device norma!ly non-conductive, said 
biasing means bei,n connec[ed in a series circuit 
with said taisfoïmed secondary windhg between 
the cathode and the contre! e!ement oï said dis- 
charge device; and mauuaUy operative means 
for effecting said biasing means te rentier said 
discharge deviçe ¢onductive. 
4. In combination, a fiïst e!ectric discharge 
device having an anode, a cathode, and a con- 
trol eIement; first biasing means for nîaintainLug 
said first discharge device nornîa!!y non-conduc- 
tive; means responsive te the conduction of said 
first discharge device for overconîin said first 
biasin nîeans te nîaintain said first discharge 
device conductive; second biasing nîeans foL" ren- 
dering said dischare device again non-conduc- 
rive after it bas been renered conductive; a sec- 
ond electric dischi'ge device, and nîeans respon 
sire  the conduction of sai.d second discharge 
device for agaiu rendering s,.id first discharge 
device conductive. 
5. The combLation comprlsi an etectric dis- 
chaïce device havin¢ an s.node, a cathode, and 
a co]trol e!en!ent; first bias nîeans connected in 
circuit with said cotrol element for nîaintain 
ing said discharge device iniiai!y non-conduct- 
ing; means foi" momentari!y shunting said first 
biasing nîes, ns te 'ender said discharge dedce 
conductin¢; econd biasing nîeans connected in 
«-ries with ssid first bits means» nîeans for 
er.izing said second bias means responsive te 
conduction of said discharge device; said second 
bias nîeans being of magnitude sufiïcient te over- 
corne said first bis.sfl]ff means. 
6. The conîbination conîprising s.n electric dis- 
charge device havin, an anode, a cathode, and 
a control elenîent; first bias nîeans connected in 
circuit with said control element for maintaining 
said discharge device initially non-conducting; 
means for momentarily shunting said first bias 
means te tender said discharge device conduct- 
ing; and second bias nîeans including a trans- 
former having a prinîary vinding and a second- 
ary winding, the p»inîary winding of said trans- 
fornîer being connected in the anode circuit of 
said discharge device, the secondary winding of 
said transfornîer bein connected fil series with 
said first bias nîeans; said second bias nîeans 
ing energized responsive .te conduction of said 
discharge device and having a magnitude suffi 
cient te overconîe said first bias means. 
V. In combination, a first electric dischar¢e 
device havin¢ an anode, a cathode, and a con« 
trol element; first biasing nîeans for maintaining 
said first discharge device nornîally non-conduc- 
rive; means for nîomentarily shunting said firs 
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biasing means te tender said discharge devic« 
conductive; means responsive te the conduction 
of said first discharge device for overcoming said 
first biasing means te maintain said first dis- 
5 charge device conductive; second biasing means 
for rendering said discharge device again non- 
conductive after it bas been rendered conduc- 
rive; a second electric discharge device; and 
means responsive te the conduction of said sec- 
]0 end discharge device for again rendering said 
first discharge device conductive. 
8. The conîbination comprising a first electric 
discharge device; a second electric discharge 
vice; each of said discharge devices having an 
]5 anode, a cathode; and a control element, a trans- 
former having a primary winding and a second- 
ary winding; and biasing means energized by the 
secondary winding of said transformer, said bia- 
ing means being connected in series with said 
20 secondary winding between the cathode and con- 
trol elenîent of said first discharge device, and 
the primary winding of said transformer being 
connected in the anode circuit of said second 
electric discharge, whereby the conduction of 
25 said first discharge device is controlled by the 
conduction of said second discharge device. 
9. In combination, a first network including 
a first electric discharge device having principal 
electrodes connected in said network se that said 
30 device may be maintained in a conductive or non- 
conductive state in said network; means for 
nîaintaining said device in one of said states in- 
cluding timing nîeans which when set is adapted 
te rime the transfer of said device frein said one 
35 state te the other state; a second electric dis- 
chre device; means resienive te said second 
device for setting said timing means, and means 
responsive te said second device for thereafter 
initiating operation of said timing means. 
40 10. In conîbination, a first electric discharge 
device having an anode, a cathode, and a control 
electrode; nîeans cooperative with said control 
electrode and including a timing network which 
when set maintains said device in non-conduc- 
45 rive condition and after a predetermined rime in- 
terval renders it conductive; a second electric 
discharge device; means for nîaintaining said 
second device non-conductive in the quiescent 
state of the conîbination; means for rendering 
0 said second devic conductive; means coopera- 
tire with said tinîing means and said second de- 
vice for setting said timing means when said sec- 
ond device is rendered conductive and means for 
thereafter rendering said second device non-cen- 
t5 ductive te initiate the timing of said timin 
means. 
11. An etecronic sequence tinîer including af 
!east one electric dischaïe device foL. contre!.. 
ling the sequencing of said tinîer, said device hav- 
60 ing associated therewith a timing network which 
when set rimes the operation of said device; char- 
acterized by a single control discharge device 
having conductive and non-conductive states 
connected in circuit with said network; means 
65 responsive te said control device when if passes 
fronî one state te the other te set said network 
and nîeans responsive te said device when 
passes h'om said other state te said one state te 
initiate the tinîing operation of said network. 
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Notice of Adverse Decisio in Interfereace 
In Interference hTo. 865'21 involving Patent Io. 600,337, C. B. Stad 
Electronic seq.ence timer, nal judent adverse fo t;he patentee was ren- 
dered Jne 9 1956 a.s ç c.ins ', , a.nd . 
[ Ocia Çazete Janary , 1957.] 



Ntce f Adverse Decsn n Interference 
In Interference Io. 8651 involving Patent o. ,600,337, C. B. Stade, 
Electronic sequence timer final udgment adverse to the patente was ren- 
dered June 29 1956 as to claires ', 2, and 4. 
[ Ooial azette January 22 1957.] 



